When tobacco mosaic virus (TMV) and its isolated nucleic acid (TMV-RNA) were treated with nitrous acid, the nucleic acid was inactivated six times faster than the intact virus. Inactivation of both the infectious entities was exponential with treatment time to 0.1% level of survival. Eight different mutant phenotypes were scored after inactivation of TMV and TMV-RNA to 50, 10, 1.0, and 0.1 % survival levels. Significantly more mutants in relation to unaltered isolates were induced at all levels of survival upon nitrous acid treatment of TMV than of TMV-RNA. Furthermore, the proportion of two specific mutant phenotypes was significantly greater in treated TMV than in treated TMV-RNA. No qualitative differences, however, were observed between the mutational spectra of nitrous acid-treated TMV and TMV-RNA. These results indicate that, in the intact virus, the viral capsid protects some of the sites involved in lethality; thus, proportionately more mutants are induced on nitrous acid treatment of TMV versus TMV-RNA.
are known to cause mutagenic or lethal effects in the tobacco mosaic virus (TMV) genome. Of these chemicals, MNNG and nitrous acid react with the virus nucleoprotein as well as its isolated nucleic acid to cause inactivation or mutagenic effects (10, (14) (15) (16) (17) . The intact virus is, however, refractory to the action of dimethyl sulfate, bromosuccinimide, and hydroxylamine, even though these chemicals can inactivate or cause genetic alterations on reaction with the isolated TMVribonucleic acid (RNA; 2, 6, 13, 16). The reaction of MNNG with TMV and TMV-RNA has been studied recently by Singer and FraenkelConrat (17) . It was shown that, although MNNG was a stronger inactivating agent for TMV-RNA than for intact TMV, it was less effective as a mutagen on TMV-RNA than on intact TMV. We have examined the efficacy of nitrous acid as an inactivating and mutagenic agent for TMV and TMV-RNA. Evidence from different lines of experimentation suggests that, in TMV, the viral genetic material (TMV-RNA) is a 1Contribution from Missouri Agricultural Experimental Station, Journal Series no. 5327, Project 594 of the Missouri Agricultural Experiment Station.
polycistronic strand of ribonucleotides with several genes arranged in linear array on the viral genome (16, 18 At appropriate intervals, samples of the reaction mixture were diluted in ice-cold phosphate buffer, to stop the reaction, and assayed for infectivity. The local lesions appearing on Xanthi-nc leaves were counted 6 to 7 days after inoculation and the rate of inactivation was estimated by plotting per cent levels of survival versus treatment time.
Preliminary attempts were made to reconstitute the nitrous acid-treated viral nucleic acid with TMVprotein according to the procedure of FraenkelConrat and Singer (7) . The objective in these experiments was to coat the treated TMV-RNA with the viral protein before assaying for infectivity. Nucleic acid preparations treated with sodium chloride and those inactivated to 50 and 10% survival levels were able to reconstitute efficiently with the viral protein.
The reconstitution values, however, were very low for TMV-RNA inactivated to 1.0 and 0.1%0 survival levels. Consequently, it became necessary to assay directly the nitrous acid-treated nucleic acid in experiments involving estimation of inactivation kinetics and plating and isolation of mutants.
Plating and isolation of mutants. TMV or TMV-RNA, inactivated by nitrous acid treatment to the various survival levels, was inoculated onto right halves of four to six Xanthi-nc leaves at a concentration to induce 15 to 20 lesions per half leaf. The left halves of Xanthi-nc leaves were inoculated with an appropriately diluted preparation of sodium chloridetreated TMV or TMV-RNA. Six-to seven-day-old local lesions appearing on the inoculated leaves were excised and macerated singly in 0.05 ml of neutral phosphate buffer. (4) . RESULTS 
Kinetics of inactivation of TMV and TMV-RNA
by nitrous acid treatment. Fig. 1 shows the kinetics of inactivation of TMV and TMV-RNA on treatment with nitrous acid. The isolated TMV-RNA was inactivated six times faster than the intact virus. Furthermore, inactivation of both the infectious entities followed an exponential relationship with the treatment time, indicating that inactivation resulted from single-hit events. Treatment of TMV or TMV-RNA with sodium chloride did not result in any loss of viral infectivity.
Mutagenic action of nitrous acid on TMV and TMV-RNA. With the progressive inactivation of TMV or TMV-RNA by nitrous acid treatment, a concomitant decrease in the number of unaltered isolates was observed (Table 1) . At each of the four survival levels, the proportion of unaltered isolates was lower in treated TMV than in TMV-RNA; these differences were statistically significant between TMV and TMV-RNA inactivated to 1.0 and 0.1% survival levels.
The relative proportions of the various mutant phenotypes induced in the control (sodium chloride) and nitrous acid-treated TMV and TMV-RNA are presented in Table 1 . The frequency of the spontaneous mutants in control preparations varied between 2 to 3%; similar results have been reported by other investigators (9, 16) . Nitrous acid treatment of TMV and TMV-RNA was, however, highly mutagenic and induced a variety of mutants. The most frequently evoked mutants of TMV and TMV-RNA were of classes 1, 11, III, and V. The x2 values of the relative proportions of total mutants to unaltered isolates of TMV and TMV-RNA at 50, 10, 1.0, and 0.1 were 8.6, 11.2, 10.2, and 18.4, respectively.
Mutants of class I were by far the most frequent in nitrous acid-treated TMV and TMV-RNA. Thus, a total of 129 isolates out of 600 examined (21.5%) at the four survival levels of treated TMV and 70 out of 600 (11.7%) of treated TMV-RNA belonged to this category. Moreover, at 10 and 0.1 % survival levels, significantly more mutants of this kind were evoked in treated TMV than in treated TMV-RNA ( Table 1) .
The class V mutants were also very frequently induced in treated TMV and TMV-RNA. A total of 110 (18.3%yo) of 600 isolates of treated TMV and 53 (8.8%) of 600 of treated TMV-RNA showed simultaneous alterations in these two properties. At 0.1% survival level, significantly more of such mutants were induced in nitrous acid-treated TMV than in treated TMV-RNA (Table 1) .
No significant differences were observed in proportions of the mutants of classes II, III, IV, VI, VII, and VIII induced between treated TMV and TMV-RNA at any of the four levels of survival. A majority of the mutants (ca. 90%) inducing hypersensitive response on Java tobacco (classes IV, VI, VII, and VIII) also showed concomitant alterations in other biological properties (Table 1) . DISCUSSION The inactivation of TMV-RNA by nitrous acid proceeds at a rate ca. six times faster than with (ii) In intact TMV, the ribonucleic acid is embedded in the viral capsid; consequently, the inactivation rate of TMV-RNA enclosed in the coat protein will depend on the efficiency and rate of penetration of nitrous acid molecules through the viral capsid. (iii) When some inactivable sites on the TMV genome are protected by the viral protein while such potential sites are fully exposed in the isolated nucleic acid, inactivation of TMV-RNA in relation to TMV is faster because of the availability of numerically more sites for reaction with the nitrous acid. The concentration of nitrous acid does not appear to be a factor involved in the differential rates of inactivation of TMV versus TMV-RNA, since no decrease in the nitrite level occurred during treatment periods of TMV and TMV-RNA with the mutagen. The rate and efficiency of the penetration of nitrous acid molecules through the protein coat and accessibility of the inactivable sites on the viral geome are probably the factors involved. Schuster and Wilhelm (12) reported that, during treatment of TMV-RNA with nitrous acid, the amino bases, adenine, a The relative proportion of mutants to unaltered isolates at each level of survival was significantly higher in nitrous acid-treated TMV versus TMV-RNA; these differences were statistically significant at 0.5% level.
b Differences between TMV and TMV-RNA were significant at 10% level. , Differences between TMV and TMV-RNA were significant at 5% level.
guanine, and cytosine were deaminated; in intact virus, however, adenine and cytosine were deaminated, but not guanine. The chemical modifications of guanine residues of viral nucleic acids tend to be lethal events (18, 19) . Consequently, the rapid inactivation of free TMV-RNA by nitrous acid in comparison to the intact virus may be due to the availability of a proportionately greater number of inactivable sites (i.e., guanine residues) on the viral nucleic acid.
Significantly more mutants in relation to the unaltered isolates were evoked by nitrous acid treatment of TMV than by treatment of TMV-RNA at all levels of survivial. Furthermore, for mutants of two classes (I and V), the mutational frequency was relatively higher in TMV than in TMV-RNA. If the viral capsid protects some of the sites involved in lethality, as has been discussed earlier, relatively more mutable sites will be available for interaction with nitrous acid in TMV versus TMV-RNA. This will result in the induction of a proportionately greater number of mutants in TMV than in TMV-RNA. Our results agree with the predictions made by Schuster and Wilhelm (12) that the number of induced mutants on nitrous acid treatment would be higher in TMV than in TMV-RNA.
A majority of those mutants that initiated a localized hypersensitive reaction on Java tobacco may have been induced by multiple hits, since their frequencies were low. Analysis of a larger population of such mutants is, however, needed before it can be established with certainty that such variants were induced by multiple-hit events.
We have assumed that, on the TMV genome, three genetic units control, independently, the symptom expression on Samsun tobacco, lesion size on Xanthi-nc leaves, and systemic or hypersensitive response on Java tobacco. Some evidence in favor of this assumption is adduced by our observations that mutants showing single alterations of these phenotypic characteristics were induced and isolated. A large proportion of the mutants, however, showed modifications of more than one biological property. It is possible that such phenotypic alterations resulted from multiple hit events or were of pleiotropic nature. Alternatively, it can be postulated that the TMV genome is comprised of structural and regulatory genes (20) ; alteration of a single phenotypic characteristic would result from a change in the structural gene, whereas muJtiple alterations may be caused by a modification of the regulatory gene.
